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The Enzymic Activity of Trypsin Autolysis Products'

LEOPOLD WEIL? axp SERGE N. TIMASHEFF
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Sedimentation experiments on trypsin and trypsin derivatives have shown that a
small residual enzymic activity is present in the degradation products after autolysis

of the enzyme.

In recent years a number of reports have
been made to the effect that breakdown
products of trypsin autolysis retain part of
the enzymic activity of the parent molecule
(1-7). In their study, Bresler et al. (1) have
found that, after sedimentation of a trypsin
autolyzate, 5-10% of the activity remained
in the supernatant solution. When a fresh
preparation of trypsin was sedimented, how-
ever, a small amount of activity was again
found in the supernatant solution. Thus, the
low residual activity of the autolyzate could
conceivably be due to the presence of un-
degraded trypsin which had not been sedi-
mented to the bottom of the cell, either
because of occlusion on cell walls or by back
diffusion. We have re-examined this prob-
lem using as controls solutions of trypsin
under conditions at which it is not subject
to autolytic degradation; such a degradation
can be prevented by the presence of calcium
ions (8) or by the previous reaction of the
enzyme with diisopropylfluorophosphate
(DFP). This second treatment could be used
in this study since the DFP-treated enzyme
is known to retain some hydrolytic activity
toward salmine (9).

EXPERIMENTAL PROCEDURE

The trypsin used was a Worthington# crystalline
preparation. Assays were carried out with p-tolu-
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neesulfonyl ethyl ester (TSAEE) and salmine
(in the presence and absence of DFP) used as
substrates, as described previously (9). To prepare
the diisopropyl derivative, 20 mg of trypsin,
dissolved in 1 ml of water, was mixed with 0.2 ml
of 0.056 » DFP and 0.8 ml of 0.2 ionic strength
phosphate buffer of pH 8. After standing overnight
in the refrigerator a small amount of precipitate
was centrifuged off. The derivative was found not
to hydrolyze TSAEE, but was still active toward
salmine as substrate (9). Sedimentation experi-
ments were carried out in a Spinco model E
analytical ultracentrifuge, using a separation cell.
All runs were performed at 59,780 rpm and 12°.
Most experiments were done in pH 8 phosphate
buffer of 0.1 ionic strength; the run in the presence
of calcium ions was performed in a pH 4.7 calcium
acetate buffer of 0.1 ionic strength.

RESULTS

Figure 1 shows the sedimentation patterns
obtained under four sets of conditions. In
each case the sedimentation proceeds from
right to left; the vertical bar in each picture
is the partition which divides the cell into
two compartments. The enzymic activities
toward salmine, both of the original ma-
terial and of the two fractions after sedi-
mentation, are summarized in Table I.
However, when TSAEE was used as sub-
strate, none of the fractions displayed any
activity, except, of course, for the freshly
dissolved active trypsin and its sedimented
fraction. Comparison of the early sedimen-
tation patterns with those found at the end
of the run (8 hours) and simultaneous ex-
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TRYPSIN AUTOLYSIS PRODUCTS

Fic. 1. Sedimentation patterns of various trypsin preparations. For details, see text.

TABLE I
Activity oF TRYPSIN FRACTIONS

Conc. (mg N/ml)

a-NH,-N liberated by 0.1 ml (mg)®

Treatment
Whole Sed. Supern. Whole Sed. Supern.
Active, pH 8.0 — 2.15 0.39 —_ 1.34 0.83
Autolyzed 5.30 5.28 4.63 3.90 2.08 1.40
CaAc, pH 4.7 1.45 3.52 0.27 0.30 0.76 0.04
DFP, Run 1 1.20 1.60 0.38 0.50 0.76 0.03
DFP, Run 2 0.85 1.76 0.41 0.58 1.32 0.06

o Salmine used as substrate; 7-hour digestion.
b Assayed in the presence of DFP.

amination of the activity data leads to the
following observations:

(1) In the case of freshly dissolved, active
trypsin, the bulk of the enzyme sediments
completely during the course of the run,
with a small amount of nonsedimenting ma-
terial remaining in the body of the solution.
Both the original material and the sedi-
mented fraction hydrolyze TSAEE; no such
activity is detectable in the supernatant ma-
terial. Prolonged digestion of salmine shows
some activity to be present in all fractions.

(2) In the case of trypsin autolyzed by
standing for 3 days at 30° in pH 8 phosphate
buffer, no sedimenting boundary due to
intact protein is detectable, but material is

distributed throughout the cell. Salmine was
digested by all the fractions, but none were
active if TSAEE were used as substrate.

(3) When active trypsin was centrifuged
in calcium acetate buffer at pH 4.7, most of
the protein sedimented. Digestion of salmine
in the presence of DFP revealed a small
amount of activity remaining in the starting
material and the sedimentable fraction; no
such activity could be detected in the super-
natant solution.

(4) Sedimentation of the diisopropyl de-
rivative resulted in a pattern similar to case
3; most of the material sedimented to the
bottom of the cell. Both the derivative and
its sedimented fraction were active in the



TABLE II
Di1avysis oF AuroLyzEp TRYPSIN

a-NH,-N
liberated
by 1
N in mfyof
Volume of dialyzate dialyzate

Conditions dialyzate (mg/ml) (mg)*

2.4 ml autolyzate (7.8 6 1.16 1.11
mg N/ml) vs. 0.1 m
PO,, pH 8 (24 hours)

1 gm cryst. trypsin 194.0 0.31 0.41

(50% Mg SO.) auto-
lyzed with simul-
taneous dialysis vs.
0.1 M POy, pH 8 (24
hours)

@ Salmine used as substrate; 7-hour digestion.

digestion of salmine, but the supernatant
fraction was devoid of activity.

In view of the enzymic activity displayed
by the nonsedimenting fraction in the case
of fresh and autolyzed trypsins, dialysis ex-
periments were carried out on these two
materials. The results are summarized in
Table II. In the case of the autolyzate, after
24 hours of dialysis the nitrogen had become
evenly distributed on the two sides of the
membrane. There was no detectable activity
toward TSAEE, but salmine was digested.
In the case of the crystalline enzyme, more
than half of the nitrogen had dialyzed out
after 24 hours, with 35% of the activity
toward salmine being present outside of the
bag.

DISCUSSION

The above experiments show that autol-
ysis results in the complete loss of tryptic
activity toward TSAEE. The sedimentation
experiments in the presence of calcium ions
or DFP, with the subsequent assay using
salmine as substrate in the presence of DFP,
show that, when autolysis is absent, no
residual activity is left behind in the super-
natant solution. This indicates that when
activity is found in the supernatant frac-
tion, it is very unlikely that it is due to the
presence of nonsedimented intact enzyme

molecules. It would seem, thus, that the
activity found in the supernatant fraction
in all cases resides probably in active degra-
dation products. These conclusions are sup-
ported by the results of the dialysis experi-
ments. While it has been reported that
trypsin molecules pass through a dialysis
membrane (10), the rapid equilibration
across the membrane concomitant with lack
of activity toward TSAEE suggests prefer-
ably that the activity toward salmine resides
in the degradation products. Furthermore,
the fact that the enzymic activity could be
detected only on prolonged digestion of
salmine indicates that the tryptic activity
remaining in the products of autolysis is
quite low; under normal conditions, salmine
has been shown to be degraded very rapidly
by trypsin (9). Finally, it might of interest
to point out that the isolated electropho-
retically rapid fraction of trypsin (11) be-
haves in a manner similar to the unfraction-
ated enzyme.
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